30 Background: The physiological relevance C-3 epimer of 25-hydroxyvitamin D [3-epi-25(OH)D] is not 31 well understood among youth. 32 Objective: To assess whether demographic/physiologic characteristics were associated with 3-epi-33 25(OH)D 3 concentrations in youth. 34 Methods: Associations between 3-epi-25(OH)D 3 and demographics, 3-epi-25(OH)D 3 , total 25-35 hydroxyvitamin (25(OH)D) (25(OH)D 2 + 25(OH)D 3 ), total cholesterol, HDL, LDL and triglycerides were 36 examined in racially/ethnically diverse schoolchildren (n=682, 8-15yrs) at Boston-area urban schools. 37
and is considered an accurate representation of vitamin D intake from diet, supplements, and synthesis in 68 the skin from exposure to UVB radiation. (Ross et al. n.d., van den Ouweland et al. 2013) It is now known 69 that 25(OH)D undergoes epimerization during metabolism, and the 3-epi-25(OH)D 3 of 25(OH)D 3 is most 70 prevalent, forming 3-epi-25-hydroxyvitamin D 3 (3-epi-25(OH)D). (Singh et al. 2006 ) Significant blood 71 concentrations of the 3-epi-25(OH)D 3 have been found in infants, (Singh et al. 2006 , Stepman et al. 2011 , 72 Granado-Lorencio et al. 2012 ) and, more recently, in adults. (Lensmeyer et al. 2012 , Engelman et al. 2014 , 73 Cashman et al. 2014 , Lutsey et al. 2015 However, the 3-epi-25(OH)D 3 is not routinely measured, and 74 without chromatographic resolution, it could be mistakenly reported as 25(OH)D 3 due to their identical 75 molecular weights. (Lensmeyer et al. 2006 ) 76 Laboratory studies have found potential physiological relevance of 3-epi-25(OH)D 3 with some 77 binding capacity to the vitamin D receptor, (Kamao et al. 2005) but limited data exist on its relationship 78 with anthropometrics and blood lipids. Studies in adults found that being female (Cashman et al. 2014 , 79 Lutsey et al. 2015 and having a higher waist circumference (Engelman et al. 2014 , Cashman et al. 2014 were negative determinants of 3-epi-25(OH)D 3. (Cashman et al. 2014) One study examining 3-epi-D r a f t Investigation of the 3-epimer in children 4 25(OH)D, anthropometrics and blood lipids, separately among black and white adults, found higher 82 concentrations of 3-epi-25(OH)D 3 were associated with a better cardiovascular risk profile. (Lutsey et al. 83 2015) Furthermore, the relationship among 3-epi-25(OH)D 3 , anthropometrics, and blood lipids in children 84 is especially unclear. Research is needed to understand the potential physiological relevance of the 3-epi-85 25(OH)D 3 to determine if it is necessary to consider the 3-epi-25(OH)D 3 when characterizing vitamin D 86 status. To understand the significance of the 3-epi-25(OH)D 3 in children, we examined the 3-epi-87 25(OH)D 3 cross-sectionally among a diverse sample of schoolchildren in the Boston area. Our goals were 88 to: 1) determine if demographic characteristics were associated with 3-epi-25(OH)D 3 concentrations; 2) 89 examine associations between 3-epi-25(OH)D 3 concentration and blood lipids; and 3) identify the impact 90 of considering 3-epi-25(OH)D 3 on vitamin D status classification. 91
Methods 92

Participants 93
This cross-sectional study investigated 3-epi-25(OH)D 3 using data drawn from 682 children 94 
Demographics, Anthropometrics and Vitamin D Intake 100
Birth date, race/ethnicity, and eligibility for free or reduced-price school meals, as a proxy 101 measure of socioeconomic status, were collected from parents during informed consent procedures. The 102 mean age was 11.2 ± 1.4 years, and age was categorized into a binary variable (≥12 years old vs. <12 103 years old) for analysis. Racial/ethnic categories were grouped as non-Hispanic white, Hispanic/Latino, 104 black/African American, Asian/Asian American, and multiracial/other. Height and weight were measured Logistic regression was used to examine the relationship between participant characteristics and the odds 135 of having detectable 3-epi-25(OH)D 3 , as well as the odds of being above or below the median of percent 136 3-epi-25(OH)D 3 (5.5%). Multiple linear regression was used to examine linear relationships between 3-137 epi-25(OH)D 3 concentration and blood lipids, adjusting for participant characteristics (age, sex, race, weight 138 status, puberty status, & free/reduced lunch eligibility). The distribution of 3-epi-25(OH)D 3 and triglycerides 139 were right-skewed and logarithmically transformed for this analysis. 140
Generalized linear models were used to examine the mean difference in blood lipids between 141 children with and without detectable 3-epi-25(OH)D 3 and children above or at or below median of percent 142 3-epi-25(OH)D 3 and each was adjusted for participant characteristics and vitamin D status. Least-square 143 means and standard errors were reported for total, LDL and HDL cholesterol. P values from multiple 144 comparisons were adjusted with Tukey's HSD test. Because triglyceride data were skewed, results are 145 reported as geometric mean and standard error, as well as ratio of geometric means and 95% confidence 146
interval. 147
To assess the impact of including 3-epi-25(OH)D 3 in calculating total 25(OH)D concentration on 148 vitamin D status classification, we compared the proportions of children with inadequate, adequate and 149 optimal 25(OH)D concentrations with and without consideration of 3-epi-25(OH)D 3 . Agreement between 150 the two methods was evaluated with weighted kappa statistics. We also examined the relationship 151 between 3-epi-25(OH)D 3 and 25(OH)D as a percent of total 25(OH)D. Spearman's rank correlation was 152 used to determine the correlation between 3-epi-25(OH)D 3 and percent 3-epi-25(OH)D 3 and 25(OH)D 3 153 concentrations. A P value of <0.05 was considered statistically significant for all analyses. Data were 154 analyzed using SAS version 9.3 (SAS Institute, Cary, NC). 155
Results
156
D r a f t multiracial/other; 64% had reached puberty; 67% were eligible for free or reduced/priced lunch; 25% 160 were classified as obese. Mean 25(OH)D concentration was 21.9 ± 6.8 ng/ml. Of 682 children in this 161 study, 42% had inadequate, 47% had adequate, and 11% had optimal 25(OH)D concentrations. Mean 162 total cholesterol was 156.5 ± 26.8 mg/dL, mean HDL cholesterol was 50.5 ± 12.2 mg/dL, mean LDL 163 cholesterol was 88.0 ± 23.8 mg/dL and median triglycerides were 65.0 ± 40.0 mg/dL. 164
Detectable vs. Non-detectable 3-epi-25(OH)D 3 165
Half of the children (337 of 682) had detectable 3-epi-25(OH)D 3 concentrations. Of those with 166 detectable 3-epi-25(OH)D 3 , the median 3-epi-25(OH)D 3 value was 1.4 ng/mL (range 0.95-3.95 ng/mL; 167 Figure 1A ). Participant characteristics by detectable 3-epi-25(OH)D 3 status are summarized in Table 1 . 168
The proportion of children classified within each level of vitamin D status as significantly different by 169 detectable 3-epi-25(OH)D 3 status (p<0.001). Among children with inadequate vitamin D concentration, 170 75% did not have detectable 3-epi-25(OH)D 3 . Among children with adequate and optimal vitamin D 171 concentrations, 62% and 83% had detectable 3-epi-25(OH)D 3 , respectively. Dietary vitamin D was 172 greater in children with detectable 3-epi-25(OH)D 3 (median 120 IU vs. 103 IU, p<0.005). Among 173 children with detectable 3-epi-25(OH)D 3 , there was a significantly higher proportion of males (p=0.02), 174 pre-pubertal children (p=0.008), and non-Hispanic whites (p<0.0001), and fewer black/African American 175 and Asian/Asian American children than whites. There were no significant differences in age, weight 176 status, or free or reduced-price lunch eligibility between children with and without detectable 3-epi-177
25(OH)D 3 concentrations. 178
In the multivariate analysis only being male (OR 1.38, 95%CI 1.01-1.89) was associated with a 179 significantly higher odds of having detectable 3-epi-25(OH)D 3 concentrations ( 
Median Percent 3-epi-25(OH)D 3 of 25(OH)D 194
Among children with detectable 3-epi-25(OH)D 3 , the median percent 3-epi-25(OH)D 3 of 195 25(OH)D was 5.5%, ranging from 2.5-17.0% (Figure 1B) . There were differences in percent 3-epi-196 25(OH)D 3 by vitamin D status. Specifically, among children with inadequate 25(OH)D, 79% were above 197 the median percent 3-epi-25(OH)D 3 , while among those with optimal 25(OH)D, only 31% were above 198 the median. The proportion of females above the median was significantly higher than males (54% vs. 199 38%, respectively, p=0.002), but no other differences with participant characteristics were found. 200
Multivariate logistic regression results were similar, with males being 50% less likely to have percent 3-201 epi-25(OH)D 3 above the median compared with females (OR 0.50, 95%CI 0.32-0.78), and those with 202 adequate or optimal 25(OH)D less likely to be above the median (adequate vs. inadequate: OR 0.22, 203 
3-epi-25(OH)D 3 , Percent 3-epi-25(OH)D 3 and Blood Lipids 211
We did not find a linear relationship between 3-epi-25(OH)D 3 and blood lipids (data not shown). 212
In comparing blood lipid concentrations between children with detectable 3-epi-25(OH)D 3 and non-213 detectable, we found no statistically significant differences in mean total cholesterol, LDL, HDL, or 214 triglycerides. However, the adjusted mean difference in total cholesterol between children above the 215 median percent 3-epi-25(OH)D 3 was 7 mg/dL lower than those at or below the median (149.6 ± 2.8 216 mg/dL vs. 156.7 ± 2.6; mean difference: -7.1, 95%CI -12.7-1.5 mg/dL; p = 0.01). 217
Relationship between 3-epi-25(OH)D 3 and total 25(OH)D 218
The relationship between 3-epi-25(OH)D 3 and total 25(OH)D did not appear linear, with large 219 variation in 3-epi-25(OH)D 3 , particularly at higher concentrations of total 25(OH)D; nonetheless, 3-epi-220 25(OH)D 3 concentration was positively correlated with 25(OH)D 3 (Spearman's correlation coefficient, 221 r=0.40; p<0.05; Figure 2a) . The relationship between percent 3-epi-25(OH)D 3 and total 25(OH)D was 222 also non-linear, with stable variability in percent 3-epi-25(OH)D 3 with increasing concentrations of total 223 25(OH)D (Figure 2b) . Percent 3-epi-25(OH)D 3 of total 25(OH)D was negatively correlated with total 224 25OHD (Spearman's correlation coefficient, r = -0.40; p<0.05). 225 Table 2 illustrates reclassification of children when considering the 3-epi-25(OH)D 3 in total 227 25(OH)D. Good agreement was found between the two vitamin D status classification methods (κ = 0.78, 228 95%CI 0.72-0.84). However, among the 70 children with inadequate vitamin D without 3-epi-25(OH)D 3 229 in the total, 33% were reclassified from inadequate to adequate after addition of 3-epi-25(OH)D 3 to total 230 25(OH)D. Similarly, among the 203 children with adequate vitamin D levels without addition of 3-epi-231 25(OH)D 3 , 14% were reclassified from adequate to optimal. Overall, 15% of children with detectable 3- Study having detectable 3-epi-25(OH)D 3 , we were able to determine that male, pre-pubertal, and non-241
The 3-epi-25(OH)D 3 and Vitamin D Status 226
Hispanic white children were more likely to have detectable 3-epi-25(OH)D 3 concentrations, which 242 suggests that having detectable 3-epi-25(OH)D 3 is not a random phenomenon. to the ARIC study (r=0.54 in whites and r=0.36 in blacks). This is surprising given that the SHOW and 256 the National Adult Nutrition Survey (NANS) studies were observational, some participants were using 257 supplements, and there was variation in season of data collection. Whereas, in the Daily D Health Study, 258 our analysis was cross-sectional at the beginning of the trial prior to vitamin D supplementation and 259 during the same season. Our lower correlation could be explained, however, by racial/ethnic differences, 260
in that the SHOW and NANS studies were primarily non-Hispanic white and the Daily D Health Study 261 had a diverse population.
D r a f t
We found that males were more likely to have detectable 3-epi-25(OH)D 3 , but females were more 263 likely to be above the median percent 3-epi-25(OH)D 3 of 5.5%. The ARIC Study and a national survey in 264
Thailand found that males had higher 3-epi-25(OH)D 3 concentrations, (Lutsey et al. 2015 , Chailurkit et al. 265 2015 thus sex seems to impact having detectable 3-epi-25(OH)D 3 concentrations and the magnitude of 266 concentrations, but the relationship requires further investigation. Our findings also indicate that non-267
Hispanic white children were more likely to have detectable 3-epi-25(OH)D 3 , which is similar to the 268 findings from ARIC, in which 33% of whites and 15% of blacks had detectable 3-epi-25 ( When evaluating the relationship between 3-epi-25(OH)D 3 and blood lipids, 3-epi-25(OH)D 3 was 280 associated with blood lipids only when examining 3-epi-25(OH)D 3 as a percentage of total 25(OH)D. 281
Total cholesterol was 7 ng/mL lower in children with percent 3-epi-25(OH)D 3 above the median (5.5%). 282
This suggests that there may be a physiological relevance of the 3-epi-25(OH)D 3 , but not independent of 283 25(OH)D; rather the ratio of the two values could be important. Scant evidence exists on associations 284 between the 3-epi-25(OH)D 3 and blood lipids. In the ARIC Study, among both whites and blacks, HDL 285 concentrations were higher with increasing tertiles of 3-epi-25(OH)D 3 concentration, but no associations 286 were found with LDL or triglycerides, and associations with total cholesterol were not reported. (Lutsey et 287 al. 2015) In general, higher concentrations of 3-epi-25(OH)D 3 were associated with a better D r a f t cardiovascular risk profile, including lower BMI, lower prevalence of diabetes, and lower CRP 289 concentration, but this study did not examine these relationships using percent of 3-epi-25 ( This was the first study to our knowledge to examine the 3-epi-25(OH)D 3 in a diverse group of 309 school-aged children which provided a distribution of 3-epi-25(OH)D 3 detectability to make a useful 310 comparison between children with and without detectable 3-epi-25(OH)D 3 . Due to known differences in 311 vitamin D by race/ethnicity, it may be appropriate to examine the association between 3-epi-25(OH)D 3 312 and cardiometabolic risk factors separately by racial/ethnic group, but small sample sizes in the present 313 study precluded these analyses.
In conclusion, we have shown that there are demographic characteristics that can impact 3-epi-315 25(OH)D 3 concentration, including sex and race/ethnicity. We have also demonstrated certain 316 characteristics that are associated with having detectable 3-epi-25(OH)D 3 . Even small concentrations of 
